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Introduction

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS &
A Level Physics (9702), and to show how different levels of candidates’ performance (high, middle and low)
relate to the subject’s curriculum and assessment objectives.

In this booklet candidate responses have been chosen to exemplify a range of answers. Each response is
accompanied by a brief commentary explaining the strengths and weaknesses of the answers.

For each question, each response is annotated with a clear explanation of where and why marks were
awarded or omitted. This, in turn, is followed by examiner comments on how the answer could have been
improved. In this way it is possible for you to understand what candidates have done to gain their marks and
what they will have to do to improve their answers. At the end there is a list of common mistakes candidates
made in their answers for each question.

This document provides illustrative examples of candidate work. These help teachers to assess the standard
required to achieve marks, beyond the guidance of the mark scheme. Some question types where the
answer is clear from the mark scheme, such as short answers and multiple choice, have therefore been
omitted.

The questions, mark schemes and pre-release material used here are available to download as a zip file
from Teacher Support as the Example Candidate Responses Files. These files are:

Question Paper 22, June 2016
Question paper 9702_s16_qp_22.pdf
Mark scheme 9702_s16_ms_22.pdf

Question Paper 33, June 2016
Question paper 9702_s16_qp_33.pdf
Mark scheme 9702_s16_ms_33.pdf

Question Paper 42, June 2016
Question paper 9702_s16_qp_42.pdf
Mark scheme 9702_s16_ms_42.pdf

Question Paper 52, June 2016
Question paper 9702_s16_qp_52.pdf
Mark scheme 9702_s16_ms_52.pdf

Past papers, Examiner Reports and other teacher support materials are available on Teacher Support at
https://teachers.cie.org.uk

Cambridge International AS and A Level Physics 9702
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Introduction

How to use this booklet

Example candidate response - high Examiner comments

5 (a) umtoiasimhmngﬁ]mlrmdmtmad]mwmgmﬂng Explain the part played by
diffraction and

intarfarance In the production of the first order maximum by the diffraction o Thene is no direct

grating. is .
dittraction: ...JE...i%.... 6. SPAdU ol yrawie  Hwduah & association with o
DU g 2K LI 5l W o .................................................................... /Examiner comments ar;u\s

s avlepging | oF L waaee | alongside the answers,

a_comman  poink. Trast wawe | lINKked to specific part of the
) answer. These explain

Answers by real candidates in exam
conditions. These show you the types
of answers for each level.

Discuss and analyse the answers with x:geair;{:dgyﬁ?;khselps N
il‘rs“[;izr;:f ;‘{it“h: classroom fo you to interpret the d
N P - e v it o wnlengh 406 e standard of Cambridge i

examsand helps your
learners to refine their

Qcam technique. /

How the candidate could have improved their answer

{a) The question was an application of diffraction g This explains how the candidate could have improved
needed to apply their knowledge to the application| their answer and helps you to interpret the standard of

interference needed to be applied to the productiorl Cambridge exams and helps your learners to refine
applications as well as learning basic theory isreq| o, om technique.

(b) The diffraction grating equation was used and t
mathematical error in the calculation and the final answer was not realistic. The candldate needed to be
more familiar with likely values for applications of basic theory.

Common mistakes candidates made in this question

{a} Diff_ract_iun was described as the bendirjg of I_ight. This lists the common mistakes candidates made in
diffraction is a wave property and hence diffractional answering each question. This will help your leamers to

have passed through the diffraction element. The eff 5y4id these mistakes at the exam and give them the
was not described for this specific example. . .
best chance of achieving a high mark.

(b) The angle given on the diagram was used as the
dwas quoted as the number of lines per mm M. There were power of ten errors converting d in metres to N
in mm-.

Cambridge International AS and A Level Physics 9702 5



Assessment at a glance

Assessment at a glance

Candidates for Advanced Subsidiary (AS) certification take Papers 1, 2 and 3 in a single examination series.
Candidates who, having received AS certification, wish to continue their studies to the full Advanced Level
gualification may carry their AS marks forward and take Papers 4 and 5 in the examination series in which
they require certification.

Candidates taking the full Advanced Level qualification at the end of the course take all five papers in a
single examination series.

Candidates may only enter for the papers in the combinations indicated above.
Candidates may not enter for single papers either on the first occasion or for resit purposes.

All components are externally assessed.

Weighting
Component

AS Level A Level

Paper 1 Multiple Choice 1 hour 15 minutes
This paper consists of 40 multiple choice questions, all with four options. All

guestions will be based on the AS Level syllabus content. Candidates will 31% 15.5%
answer all questions.

Candidates will answer on an answer sheet. [40 marks]

Paper 2 AS Level Structured Questions 1 hour 15 minutes
This paper consists of a variable number of questions of variable mark value. All
questions will be based on the AS Level syllabus content. Candidates will 46% 23%
answer all questions.

Candidates will answer on the question paper. [60 marks]

Paper 3 Advanced Practical Skills 2 hours

This paper requires candidates to carry out practical work in timed conditions.
The paper will consist of two experiments drawn from different areas of physics.
The experiments may be based on physics not included in the syllabus content, 23% 11.5%
but candidates will be assessed on their practical skills rather than their
knowledge of theory. Candidates will answer both questions.

Candidates will answer on the question paper. [40 marks]

Paper 4 A Level Structured Questions 2 hours

This paper consists of a variable number of questions of variable mark value. All
guestions will be based on the A Level syllabus but may require knowledge of

— 0,
material first encountered in the AS Level syllabus. Candidates will answer all 38.5%
guestions.
Candidates will answer on the question paper. [100 marks]

6 Cambridge International AS and A Level Physics 9702



Assessment at a glance

\
Weighting
Component

AS Level A Level

Paper 5 Planning, Analysis and Evaluation 1 hour 15 minutes

This paper consists of two questions of equal mark value based on the practical
skills of planning, analysis and evaluation. The context of the questions may be
outside the syllabus content, but candidates will be assessed on their practical - 11.5%
skills of planning, analysis and evaluation rather than their knowledge of theory.
Candidates will answer both questions.

Candidates will answer on the question paper. [30 marks]

Teachers are reminded that the latest syllabus is available on our public website at www.cie.org.uk and
Teacher Support at https://teachers.cie.org.uk

Cambridge International AS and A Level Physics 9702 7
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Paper 5 — Planning, Analysis and Evaluation

Paper 5 — Planning, Analysis and Evaluation

Question 1

Example candidate response - high Examiner comments

1 A student is investigating the acceleration of a trolley moving up an inclined plane as shown in
Fig. 1.1.

inclined plane trolley

P i il s g i vy i

bench

Fig. 1.1

The student is investigating the relationship between the acceleration a of the trolley and the
angle 6 of the inclined plane when a force Fis applied to the trolley.

It is suggested that the relationship is
ma = F-(mgsin @+ k)

where gis the acceleration of free fall, m is the mass of the trolley and ks a constant.
Rt oghs sl
—_—
Design a laboratory experiment to test the relationship between a and 6. Explain how your results
could be used to determine a value for k. You should draw a diagram, on page 3, showing the
arrangement of your equipment. In your account you should pay particular attention to

th to be followed, [

*  the procedure to be followe 0 0 The candidate has
used the given
relationship to

* the measurements to be taken,
¢ the control of variables,

+ theanalysis of the data, rearrange it so that it
«  any safety precautions to be taken. matches the equation
[15] of a straight line.
. pz It is assumed that the
° ? - M&"Q . candidate is using c for
? &/Ll o g = - Ew@ *’*,,‘(’ the y-intercept.
o s

© Le-
b MOKIF'N?K%9<% )L/
5 o e b <
&
- (m) ™ ?,Qz,
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Paper 5 — Planning, Analysis and Evaluation

Example candidate response — high, continued Examiner comments

Diagram

9 The candidate gains
the first mark for a
clearly labelled
diagram which includes
a method to support
the inclined plane.

The drawing of the
protractor should
indicate the angle
being measured. There
is no need to draw
items such as
stopwatches.

The candidate clearly
indicates the
independent and
dependent variables
for the first P mark.
The candidate realises
that the mass of the
trolley needs to be
constant, which gains a
D mark, but does not
gain the second P
mark for keeping the
force constant.

The method to
measure the angle is
clearly explained, using
an appropriate
instrument.

The candidate gains a
mark for measuring the
time with the stop-
watch shown in the
diagram above,

------- eoceveerll although it would have
been better to mention
the stopwatch in this
sentence. Measuring
the length of the ramp
is too vague for credit
to be given.

Cambridge International AS and A Level Physics 9702 9



Paper 5 — Planning, Analysis and Evaluation

10

Example candidate response — high, continued

Examiner comments

Ay i e, Do o

e

e %

[Total: 15]

@ Speed camera is not
worthy of credit.
The equation does not
gain credit on its own;
an appropriate,
workable method is
needed to determine a.

Three marks are
awarded for a clear
analysis section. An
appropriate graph is
suggested and the
candidate has
identified the condition
for the relationship to
be valid.

A D mark is awarded
for correctly identifying
the y-intercept or for
correctly rearranging
the equation on page
2. The third A mark is
awarded for correctly
identifying K.

A safety precaution is
credited in the
additional detail
section.

The candidate also
scores the second P
mark for the last
sentence.

Total marks awarded =
11 out of 15

Cambridge International AS and A Level Physics 9702




Paper 5 — Planning, Analysis and Evaluation
How the candidate could have improved their answer

The candidate could have included more detail on methods of data collection, for example, the mass of the
trolley needed to be measured. Furthermore, the determination of the acceleration should have been more
detailed and included laboratory measurements, with a relevant equation using the measurements
suggested.

There could also have been more additional detail, e.g. an explanation of how the force would be kept

constant and detail on repeating the experiment for each angle.

Mark awarded for defining the Problem (P) = 2 out of 2

Mark awarded for Methods of data collection (M) = 3 out of 4
Mark awarded for method of Analysis (A) = 3 out of 3

Mark awarded for additional Detail (D) = 3 out of 6

Total marks awarded = 11 out of 15

Cambridge International AS and A Level Physics 9702 11



Paper 5 — Planning, Analysis and Evaluation

12

Example candidate response — middle

Examiner comments

1 A student is investigating the acceleration of a trolley moving up an inclined plane as shown in
Fig. 1.1.

inclined plane

S S

bench

Fig. 1.1

The student is investigating the relationship between the acceleration a of the trolley and the
angle 6 of the inclined plane when a force Fis applied to the trolley.

It is suggested that the relationship is
ma= F-(mgsin 8+ k)
where g is the acceleration of free fall, mis the mass of the trolley and kis a constant.

Design a laboratory experiment to test the relationship between a and 6. Explain how your results
could be used to determine a value for k. You should draw a diagram, on page 3, showing the
arrangement of your equipment. In your account you should pay particular attention to

¢ the procedure to be followed,

e the measurements to be taken,

*  the control of variables,

* the analysis of the data,

e any safety precautions to be taken.

0 (18]

pas
3™

- 26inG v
\j Y

0 An attempt to
rearrange the equation
is made here, but it is
not in the equation of a
straight line.
Candidates should be
encouraged to put the
given relationship into
y = mx + ¢ format.

Cambridge International AS and A Level Physics 9702




Paper 5 — Planning, Analysis and Evaluation

Example candidate response — middle, continued Examiner comments

\)\\Q,\{ e The diagram lacks
&\(\‘2 care; for example, the
o % block is not level with
\(ro - 0 ~ %‘\\ Qﬁ ‘}C the bottom of the
Diagram i ~ inclined plane, and the

ot

e

\—g‘y caxy

O

®
7

A
Mass

(vaie_z \
E:S\:k\‘;‘ Block Blo ek
®
....l.nd&p.@.ndﬂa\f.\?C.....\[A\.r..\'ﬁb. .k.@....i.s.....b.h.a..._amﬂ. NG D .
Denendont vaiable s ke acce\ealion. ...
Lonkrol. ot Vavie\e.is.Xhe foxt o
Themmes 12\ oz ok vzde onthe lock ab Fyek
........ and. Ehon. Hae ok will e voymovzdd o She
\:Yo\\WSENEQ\:omo\IQTH&W&.&mvskbeo\ﬂ%*

Tosallake. . velotity.. e illuse. lighk gakes........
O\Y\d&dﬂ\\fk% L > I
Moo il measiyve. Y. kivde.. using.a.cko@ L dzh...
..... Time. Yaken Joe b Yhe oo \ght galec.

16

inclined plane is not
stable when the trolley
reaches the top.

The candidate clearly
identifies the
independent and
dependent variables
for the first P mark.
‘Control of variable’
does not gain credit for
the second mark, as
this is repeated from
the stem of the
question. The mention
later on that the force
should be constant
gains this mark.

The second P mark is
awarded here.

The method for this
needs to be clearly
explained.

The candidate gains
the M mark for using
light gates and a data
logger. Two D marks
could have been
awarded if the
candidate had
explained that the
length of the card used
to interrupt the light
gate is measured with
a ruler and if an
appropriate correct
equation had been
used to determine the
acceleration.

Total marks awarded =
6 out of 15

How the candidate could have improved their answer

More detail could have been given in the methods of data collection. A little more care taken with the

diagram would also have helped. The mass of the trolley also needed to be measured.

Cambridge International AS and A Level Physics 9702




Paper 5 — Planning, Analysis and Evaluation

14

The candidate sensibly suggested the use of light gates and a data logger, but should have included much
more detail about how the light gates were to be used, what lengths would need to be measured, and how
these measurements could be used to determine the acceleration.

The candidate could have improved their answer by analysing the data more effectively. Careful
rearrangement of the original relationship into the equation of a straight line, y = mx + ¢, would have earned
an additional detail mark. This would also have scored the second and third analysis marks by enabling the
candidate to realise that the relationship would be valid if the graph was a straight line with a y-intercept,
allowing k to be determined correctly.

There were a number of further additional detail marks that could have been awarded, especially for details
about repeating results and how the force should be kept constant. The candidate could also have identified
other variables, such as the mass of the trolley, that needed to be kept constant as well.

Mark awarded for defining the Problem (P) = 2 out of 2

Mark awarded for Methods of data collection (M) = 2 out of 4
Mark awarded for method of Analysis (A) =1 out of 3

Mark awarded for additional Detail (D) = 1 out of 6

Total marks awarded = 6 out of 15

Cambridge International AS and A Level Physics 9702



Paper 5 — Planning, Analysis and Evaluation

Example candidate response — low Examiner comments
1 A student is investigating the acceleration of a trolley moving up an inclined plane as shown in

Fig. 1.1.

inclined plane
LT AT Z 7
bench
Fig. 1.1
The student is investigating the relationship between the acceleration a of the trolley and the
angle 6 of the inclined plane when a force F is applied to the trolley. = 1. %
A - 10~ | I - \ a-02Yy
It is suggested that the relationship is See 210 (S%w2ds + ! £ s

ma=F-(mgsinf+ k)
where g is the acceleration of free fall, m is the mass of the trolley and k is a constant.

Design a laboratory experiment to test the relationship between a and 6. Explain how your results
could be used to determine a value for k. You should draw a diagram, on page 3, showing the
arrangement of your equipment. In your account you should pay particular attention to

* the procedure to be followed,

* the measurements to be taken, : Lo

e the control of variables, 0 0 Thls_IS a good page for
drafting a possible
response to the

[(15) question.

* the analysis of the data,
¢ any safety precautions to be taken.

Cambridge International AS and A Level Physics 9702 15



Paper 5 — Planning, Analysis and Evaluation

16

Example candidate response — low, continued

Examiner comments

Diagram

\
9=

> medar vl {meovwre €3

3nd1w¢d

f}o N CZ\ -
/€ Shapwaktia
(MQG ruye ©)

Take  Aaw  Sexs .. O cmwxs ........... e A - Y

YOAA AAGEAA I AL A e e e %w*m\% ......
O AN L DR OY . AN Lias *Hu\owx%m .........

9 The candidate has just
copied the diagram
from the question
paper. Although they
have added labels,
there is no indication of
how the inclined plane
is to be supported.
The diagram of the
stopwatch is not
needed.

e The candidate starts
the question well by
identifying the angle
and the acceleration as
the independent and
dependent variables.
The candidate then
tries to identify
variables that need to
be kept constant.
However, the length of
the plane does not gain
credit here.

e M marks are awarded
for both the use of the
stopwatch and the use
of a protractor to
measure the angle.

e The candidate is
confused about the
method to determine
the acceleration. The
candidate determines
the average velocity of
the trolley, not the final
velocity, making the
method of calculation
of acceleration
inaccurate.

There is just one D
mark for measuring the
length of the plane with
a ruler, as this should
have been more clearly
expressed.

Total marks awarded =
5 out of 15

Cambridge International AS and A Level Physics 9702




Paper 5 — Planning, Analysis and Evaluation
How the candidate could have improved their answer

The candidate should have drawn a diagram to show how the experiment could work in a laboratory, then
described the method to determine the acceleration in greater detail, including how measurements would be
made and used. The candidate should have described an appropriate graph showing the relationship of a
against 8 and explained how k could be determined. There were a number of further additional detail marks
that could have been awarded, e.g. details about measurements and experimental techniques experienced
during their laboratory course.

Mark awarded for defining the Problem (P) = 2 out of 2

Mark awarded for Methods of data collection (M) = 2 out of 4
Mark awarded for method of Analysis (A) = 0 out of 3

Mark awarded for additional Detail (D) = 1 out of 6

Total marks awarded =5 out of 15

Common mistakes candidates made in this question

When defining the problem, candidates often discussed ‘controlling’ variables rather than stating the
variables that need to be kept constant for a fair test. Some candidates did not read the question carefully
and designed experiments with the trolley rolling down the plane. Others did not show how the inclined plane
could be supported or varied.

In general, candidates did not always describe the methods of data collection, in particular the acceleration,
in sufficient detail. They also did not mention the relevant measurements and how these measurements
would be used. Where candidates suggest data logging procedures, clear explanations were required about
the measurements needed. For example, if a piece of card was being used to interrupt a light beam, then the
length of the card needed to be measured with a ruler.

When using trigonometry to determine the angle, a clear indication was needed for the lengths to be used as
well as a correct relationship.

Many candidates did not describe a graph of a against 6 and, as a consequence, did not gain any further
marks in this section. The next mark was awarded for realising that the relationship would be valid if a
straight line that did not pass through the origin, in an appropriate graph, was observed. However, many
candidates assumed that the straight line would pass through the origin. The third mark was for explaining
how k could be determined. To earn the mark, this required k to be the subject of the equation that included
the y-intercept. Many candidates did not work out the y-intercept correctly, with many incorrectly positioned
negative signs. One additional detail mark was awarded for the correct rearrangement of the relationship for
the graph plotted; this needed to be in the y = mx + ¢ format.

In the additional detail section, vague responses were not awarded marks. The purpose of this section was
for candidates to broaden their answers by including appropriate detail based on their practical experience.
They were not awarded marks for the statement ‘the experiment is repeated and an average is taken’. More
detail was required, for example ‘for the same angle, the experiment is repeated and a is determined again
and the average value of a is then determined’.

A mark was available for an appropriate safety precaution linked to the trolley falling. Candidates’ answers

should have given safety detail relevant to the experiment in question rather than general ‘textbook’ rules for
working in a laboratory.

Cambridge International AS and A Level Physics 9702 17



Paper 5 — Planning, Analysis and Evaluation

18

Question 2

Example candidate response — high

Examiner comments

2  Astudentis investigating how the resistance of a wire depends on the diameter-of the wire.:

The circuit is set.up as shown in Fig. 2.1.

ohmmeter

@~

wire

Fig. 2.1
The resistance R of the wire is measured using an ohmmeter.

The experiment is repeated for wires of the same material and same length L but different
diameter d.

It is suggested that A and d are related by the equation

4pl
R=—"—
nd?
where p is a.constant.
(a) A graph is plotted of R on the y-axis against 712- on the x-axis.

Determine an expression for. the gradient.

“EB e

N= ’7'21,
X

gradient = ...... ,ﬁ.ﬂlg‘ ............ Bosseassagessuvasucoes [1]
1y

0 The candidate has put
the given equation into
ay=mx +c format. It
is useful to encourage
candidates to do this
for this part.

Mark for (a) = 1/1

Cambridge International AS and A Level Physics 9702




Paper 5 — Planning, Analysis and Evaluation

Example candidate response — high, continued

Examiner comments

]. 2375 + 0,03

21337 F 0.1
(b) Values of dand R are given in Fig..2.2.
d/10°m RIQ ""'0,"71/)(’)é‘mé‘Q
0.91 £ 0.01 1.6 | l.a\* 0.03
0.5610'.01' 44 2.0t 0.
046 £ 0.01 66 4.13 % p.2
0.38 £ 0.01 9.7 £.43%% 0.4
0.32 + 0.01 13.9 OI.‘ﬁ oo b
0.27 £ 0.01 : 19.5 3.72% |

Fig. 2.2 (2

Calculate and record values of 31-5/1 08m2in Fig.2.2.
Include the absolute uncertainties in % [3]
(¢) (i) Plota graph of R/Q against -;2-/ 106m2
Include error bars for 312- [2]

(ii) Draw the straight line of best fit and a worst acceptable straight line on your graph. Both
lines shoutd be clearly labelled. [2]

(iii) Determine the gradient of the line of best fit. Include the absolute uncertainty in your

answer. i
Ling o best fiF WK acigeleblt  yrrighk U
t13,6.6) L3R, 12.5) -18,06) 1473, .€)
il dren __ﬂ_f_il_f— = 1,32 ¥1o™*
Q.- — 6-¢ _y3ust QI3 ob

(27 2- w12y

©

AN ﬂ’l(e.’]aqb- Q2 <t
= L2~ 32) 1o —b
+o.
= 0ot Cloup Fo-) 1o

gradient = W {2

9 The candidate has
labelled the column
correctly.

The second mark is not
awarded because the
last value of 1/d” is
given to four significant
figures. Since the raw
data has been given to
two significant figures,
then 1/d” should be
given to two (or three)
significant figures.

Mark for (b) = 2/3

9 The candidate
indicates the triangles
used on the graph. The
hypotenuse is more
than half the length of
the line.

The calculation shown
above allows for the
10° on the x-axis. This
will assist in part (d). A
common mistake is for
candidates not to allow
for powers of ten on
the axes.

The determination of
the absolute
uncertainty is clearly
demonstrated.

Mark for (c) (iii) = 2/2

Cambridge International AS and A Level Physics 9702
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Example candidate response — high, continued

Examiner comments

920

18

16

R/Q

14

12

10

3.0

5.0 7.0 9.0 1.0 13.0 15.0

E‘énosm-?

e The candidate has
plotted the data points
accurately. Importantly,
the dots are not too
large. The error bars
are also clearly shown.

Mark for (c) (i) = 2/2

The candidate does
not indicate the best
and worst acceptable
lines. The lines should
either be clearly
labelled or the worst
acceptable line should
be dashed.
Technically, the worst
acceptable line in this
case could have been
steeper so that it
passed within the
second to last error
bar.

Mark for (c) (i) = 2/2

Cambridge International AS and A Level Physics 9702




Paper 5 — Planning, Analysis and Evaluation

Example candidate response — high, continued Examiner comments

Z N o
R o B mar
g e “/.Q:_ z Q—-"‘yzﬂm

8 \"‘ o ot T
L
(d) (i) Using your answers to (a) and (c)(iii), determine the value of p. Include an appropriate
unit.
Data: L = 1.00 = 0.01m. ; @ The candidate uses the
m: iﬁk— ﬂ'—‘ 1413 x" Lo answer from part (a).
— The method to gain the

answer is clearly

‘ )
I M3gi07 % i / e demonstrated. The

answer is correctly
evaluated and an

iy
- ~L
Yo=(.4540 )T appropriate unit given.

P= Q.w-%uo"" )ﬁ_
L{

(i) Determine the percentage uncertainty in p.

5 e VAR e @ | Mark for (d) (i) = 2/2

il )
4 = NN - AL / Vaterddnty= O-0¢y oo
p " o *3: qvy @ The candidate clearly
A - ’ demonstrates the
Lo - 0.hne + 9.0} determination of the
' fM3xi0© ) @ percentage uncertainty
Ao _ o, using a fractional
f{" % 9 09 method.
percentage uncertainty in p = ...... 1 % [1] | Mark for (d) (i) = 1/1
(e) The experiment is repeated with a thinner wire of diameter 0.23 = o.om.The wire is of the
same material and length. e Unfo_rtunately' the
candidate does not
Determine the resistance A of the wire. Include the absolute uncertainty in your answer. allow for d being given
R as 0.23mm and so is
= b [ L not awarded the first
T o2 mark due to a power of
ol . ten error. The
R Mo Uas wo™) % \ ~ candidate gives the
- ) = AT answer to an
TR 003 o appr_o_pnate_number of
- Coa2 %N significant figures.
AR. Bp o A Ee A The candidate
B b 2 A
R ¢ determines the
c fractional uncertainty. It
-5
= 0.0 y 921 l& A > Q’?""ro:‘) ..... %AD . Q2] would have been
A -
[Total: 15] helpfyl to see the
- ©.19 working 0.2 x 2.71.

The final mark is given
because the error is
carried forward.

Mark for (e) = 1/2

Total marks awarded =
13 out of 15

Cambridge International AS and A Level Physics 9702 21



Paper 5 — Planning, Analysis and Evaluation
How the candidate could have improved their answer

This candidate clearly demonstrated the methods used to determine the answers. The graph was carefully
constructed, although the candidate should have labelled the line of best fit and the worst acceptable line.

Two marks were not awarded: one for giving too many significant figures in the data table in part (b) and the
other for not changing millimetres to metres in part (e).

Mark awarded = (a) 1/1

Mark awarded = (b) 2/3

Mark awarded = (c) (i) 2/2, (ii) 2/2, (iii) 2/2
Mark awarded = (d) (i) 2/2, (ii) 1/1

Mark awarded = (e) 1/2

Total marks awarded = 13 out of 15
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Example candidate response — middle

Examiner comments

Jd

8
2  Astudent is investigating how the resistance of a wire depends on the diameter of the wire.
p—————— —————— ———

The circuit is set up as shown in Fig. 2.1.

ohmmeter

&/

wire

Fig. 2.1
The resistance R of the wire is measured using an ohmmeter.

The experiment is repeated for wires of the same material and same length L but different
diameter d. e S

it is suggested thatnd@are related by the equation

o 2L
A=

where p is a constant.

o

(a) A graph is plotted of@on the y-axis againson the x-axis. .

———

Determine an expression for the gradient.
P o

R = bplL (1
-

R = It—y’->_l-
a )&

Lol
gradient = ....cveeenerennn. ST 11

0 The candidate has
clearly put the equation
into a straight line
format.

Mark for (a) = 1/1

Cambridge International AS and A Level Physics 9702
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Example candidate response — middle, continued

Examiner comments

(b) Values of d and R are given in Fig. 2.2.

d/10%m R/ 'é’—z /104w
0.91 = 0.01 1.6 FEFESR3 1t o0
0.56 + 0.01 44 Er==o=t  3.20%1 010
0.46 = 0.01 6.6 =029 40E0420
0.38 + 0.01 9.7 GRS Gagotod
0.32 +0.01 13.9 EF—058 9301040
0.27 £0.01 19.5 =g 130100

Fig. 2.2 (2]

Calculate and record values of 1 —5/108m™2in Fig. 2.2.

Include the absolute uncertainties in -C-}g [3]

(c) (i) Plota graph of A/Q against %/ 108m=2
Include error bars for % [2]

(i) Draw the straight line of best fit and a worst acceptable stra|ght line on your graph. Both
lines should be clearly labelled. 2]

(iii) Determine the gradient of the line of best fit. Include the absolute uncertainty in your
answer. N B

Grded of M wost £} 3
Grode o but f4=  1A-5

(13- 3y~ 36) 110° 18-6-2
!u— HHXI\)
= AN (
q‘gxloé - ’6 6
> 1y3x0™° Qe -
- 220t am™?
-6
Blsdule  wnterberdy > (143-132)%10 6
NI
(ry3 20.m) xm'6 D2
gradient = .. - . 21

9 The candidate has
labelled the column
correctly.

The second mark is not
awarded because the
last row has too many
significant figures.
Furthermore, the
candidate does not
appear to have
understood the
calculation of values
since they have
determined the first five
rows correctly to two
significant figures and
then incorrectly added
a zero.

The uncertainties have
been determined
correctly.

Mark for (b) = 2/3

9 The candidate clearly
demonstrates the
methods to determine
both the gradient and
the absolute
uncertainty in the
gradient. They have
correctly allowed for
the power of ten on the
x-axis. It is useful that
the candidate has
included a unit as this
will help in the next
part.

Mark for (c) (iii) = 2/2
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Example candidate response — middle, continued Examiner comments
0 > : : : : T
‘ naasiaaar aRanrLl @ The points are clearly
; plotted and the error
18 T T bars carefully drawn.
‘ : Bt ) Mark for (c) (i) = 2/2
. REREE : ' The worst acceptable
wooy fi} line is indicated by a
RIS : : _ dashed line. It is
14 v ; 4 important that ‘gaps’
! ! 7 are not present in the
!' ‘ HHP ] vicinity of error bars.
12 : RSN AR AR )
Mark for (c) (ii) = 2/2
10 T
T
8
T 1
6 A
4
2 v
0= : -
1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0
23/10°m=
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Example candidate response — middle, continued

Examiner comments

(d) (i) Using your answers to (a) and (c)(iii), determine the value of p. Include an appropriate

un_it. —
Data: L =1.00+0.01m. 7e Q,(ngw—t.)uo‘
Gw«é?(:ﬂ)— s tl']L' ‘4’-6
T - '.)::ZX'U
Lt gkt
i (5
Pty _ ).@)(m"‘
—=
. -6.
p= ]IQX,O ............................... 2]
(ii) Determine the percentage uncertgigty in p.
7 = 22 v
@ 2F oG»+ oL F
y & = = 00875100
= gt , oo = 879%
3% Y
o R
= 0087 <
87

percentage uncertainty in p= .......... % [1]

(e) The experiment is repeated with a thinner wire of diameter 0.23 + 0.01 mm. The wire is of the
same material and length. - —

Determine the resistance A of the wire. Include the absolute uncertainty in your answer.

@ - Gﬁi)_! R= (6.)4r
é"l—

J — -6 -—L..._
0.3')_ X1 ) ((0,237"0—3')7)

o ~N L.
¢= @79 P v 2445
= -6 '__L_/~ BL&IIW}E Vn(gr-k.y.ﬁ = 272:03-2%:45
(143x0 ) ((0_13’;( m—;)i—) - 2.68
- 27.0%
3 i -
R= e 2032208 Q2

(8] [Total: 15]

6 The determination of
resistivity using the
gradient is clearly
demonstrated.
Unfortunately, the unit
has been omitted.

Mark for (d) (i) = 1/2

@ The candidate clearly
demonstrates the
determination of
percentage
uncertainty. It is helpful
to see the substitution
of values.

Mark for (d) (i) = 1/1

e The candidate
recognises that R may
be calculated using the
gradient. However, a
mark is not awarded
because the value of d
is given to two
significant figures and
so the answer should
be given to two (or
three) significant
figures.

@ The candidate
incorrectly attempts a
worst value calculation
here. Since the smaller
gradient has been
used, the candidate
should have used
0.24 mm for the value
of d. This answer very
clearly demonstrates
the need for
candidates to show
their working.

Mark for (e) = 0/2

Total marks awarded =
11 out of 15
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How the candidate could have improved their answer

(b) The candidate needed to understand significant figures in calculated quantities for this question. The
calculated quantity should be given to the same number of significant figures (or one more significant figure)
as the least accurate raw data. In this case, the raw data in the last row was given to two significant figures
so the calculated data should have been given to two (or three) significant figures. Furthermore, the
candidate did not appear to have understood the calculation of values, since they determined the first five
rows correctly to two significant figures and then incorrectly added a zero; these values were then incorrectly
calculated to three significant figures.

(d) (i) Here the candidate clearly demonstrated their method and gained an answer with the correct power of
ten. Unfortunately, the candidate omitted a unit.

(e) Here the candidate gave the value of R to too many significant figures. Since the least accurate data is d,
which is given to two significant figures, R should have been given to two or three significant figures. To
determine the absolute uncertainty in R, the candidate used a maximum/minimum method. In this case, the
candidate attempted to find the minimum R value but did not use the maximum value of d.

Mark awarded = (a) 1/1

Mark awarded = (b) 2/3

Mark awarded = (c) (i) 2/2, (ii) 2/2, (iii) 2/2
Mark awarded = (d) (i) 1/2, (ii) 1/1

Mark awarded = (e) 0/2

Total marks awarded = 11 out of 15
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Example candidate response — low

Examiner comments

2 A student is investigating how the resistance of a wire depends on the diameter of the wire.

The circuit is set up as shown in Fig. 2.1.

ohmmeter

)

wire

Fig. 2.1
The resistance R of the wire is measured using an ohmmeter.

The experiment is repeated for wires of the same material and same length L but different
diameter d.

It is suggested that A and d are related by the equation

_ ol

R=
nd?

where.p is a constant.
(@) A graphis ploited of A on the y-axis against % on the x-axis.

Determine an expression for the gradient.

gph, G mx % B
R= 21—~ R -1 + ¢
. m1 +C
ik “;L‘ (1)
L T
&/T( O\—L
gradient = ~ [1]

0 The candidate has
attempted to put the
given equation into
y = mx + ¢ format but
has omitted the ‘L’.

Mark for (a) = 0/1
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Example candidate response — low, continued

Examiner comments

(b) Values of d and.R aregiven in.Fig..2.2.

d/1073m RIQ E;L—?‘ 6 [
0.91 £ 0.01 1.6 191 4 e ol
0.56 £ 0.01 4.4 102 % ot
0.46 + 0.01 6.6 v-71+4 o-2d
0.38 +0.01 9.7 6932 0%
0.32+0.01 13.9 q.-77* o6l
0.27 + 0.0t 19.5 15723 l-ol
Fig. 2.2

Calculate and record values of -(-}g/ 10°m2in Fig. 2.2.

Include the absolute uncertainties in 315
(¢) (i) Plota graph of R/Q against 712/ 108m=2.

Include error bars for 913

(ii) Draw the straight line of best fit and a worst acceptable straight line on your graph. Both
2

lines should be clearly labelled.

(iti)
answer.

best 14 &

9 -9 _18-¥_ 15
AR '(B"l - B'B)K\o‘ -y X0

~b
¥ 716 X®
(3

2 Lbo — 1]

1% o7

gradient = ....

Determine the gradient of the line of best fit. Include the absolute uncertainty -in your

e . 9 B M
———— T
v (Y- g ng ¥V @ The candidate

PO N xuo"’

st (b0t o Nngy

9 The candidate has
omitted the m from the
column heading and is
therefore not awarded
the first mark.

Row two is also
incorrect; it should be
2.19.

The candidate also
gives the last value in
the table to four
significant figures.
Since the raw data is
given to two significant
figures, the calculated
data should also be
given to two (or three)

3] significant figures.

Mark for (b) = 1/3
2]

indicates clearly the
points used to
determine the gradient.
They also correctly use
the power of ten from
the x-axis.

The determination of
the uncertainty is
clearly demonstrated.

Mark for (c) (iii) = 2/2
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Example candidate response — low, continued

Examiner comments

20

18

16
R/IQ

14

12

10

&
\
ol
> 2
S
B of
e 2
\ LA
T Y T T ?
T T1 1 t + + HH 1T 1 ‘\\ | 1
IEENSEEES US| i T | | ] NSNS REESNEE:
t 1 1 t I 7 T
+ + —
H 1 + F A I
: : A - e
1 T i =
l 1 1 1 1 “il 11 \//: W [
! ! I N BN B Tz u 71
smEml E T 1 i AT 1 1
EERNE 1T I 1T ] 1T T AT 1
N A N I T T 1 t
15 1 1
4 1 il Il 53 4
1T = u I
S T T T 1 uEERY S T
e ‘ T -
17 1 i 1T 1 I I BAm
T T 0 W I B I
! T T 1 imummm T ] 1 T
B AELRS ‘ I ] T ! T
1 T T I AT ImE [ Ba S ]
T -lr w[ i1 i 1 t 1 ITT 1 1 1
t t 1 t — 1 EEEEES
4 REESE 71T 11 t T
= : o T HF 8 W
T T 1 17 1 I T T
I 1 1 1 INERY, T T
1 1 1 T D 1 i T T
H S T 2samanaE HH
1 I T B 17400 O 50
I 5 ) I PECTIT ATy | T
] ! IS 7 111 1 11 111
i1 I 1 T
i1 T 11
T T 11 T T T T T
1 T 11 11 1T g7, & T 1T 1 T ) B 3
T T T3 T I Tl t
1 1 I T 1 1 2% \ 7Y \:
T I T 1 I T I R e s |
11 e - e T L t pr—t TT
T 1 T 1 1
] 1 T T Tl 1 1T T I
T ] 1 T 11 I 1 { In| 4
It I 1 T T T 2| T1 1
T T i 1 { G 11 + T 1
u T 1] T N I T T
HH T Tt (| N =] Tt I
1 T1 | i 1 11 T |
1 T 1 I + t 1 _“59‘.“'
T I I X | T L1t 1 » t.
it e wadls
T 1 1 T - — %
T t i m ] T I
I 11 IH Al i + I
+ T + 1T T 11 T
1 1 11T 1 t “ 1 11T }l,‘
L8 T T I 1 T T
1 1 T NN SEE ) T I T 1 T
1 / T 5 E 1
LURt 4
] SRR { 1 TTT
= AT I (M @ N ] T
T P i T T T 1 1 TTT T
1 T . R 1
+ ! - t B | BRI t T 1 T 1
H 1T 1 T 117 11 1 T
i 1 ESEENENEEEE R RREE N I
1 1 I ) 1 1
A T SEEE
I T 711 1 ! 1 1 ! 1T
1 1 1 1 11
111 1F ] ' 5 G
1 1T 1 ! i B B3 T 1 i
1T 5 O T 1 1T I R 1N 1 11
1 1 | | 1 17 !
1 1 1 1 :
1 1 ! (W I
T | T I ] T T T T
I »!‘ T ! jr I O B HLL ;il__
1 T : RRaRSSESEEESES ‘ B EmERES
1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0
1 24
—/108m

@ The points are plotted
correctly.
The error bar for the
third plot should be one
small square in each
direction, making the
total length two small
squares. The
candidate has drawn
an error bar which is
three small squares in
length.

Mark for (c) (i) = 1/2

Since the first point
was incorrectly plotted
(2.1 instead of 1.2)
from the x-axis, the line
of best fit is not within
tolerance.

Mark for (c) (ii) = 1/2
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Example candidate response — low, continued

Examiner comments

(d) (i) Using your answers to (a) and (c)(iii), determine the value of p. Include an appropriate

unit.
Data: L = 1.00 + 0.01m. P w
e K:’— g poi%. Yl
~a“ -
) P P 126x16°
§r 4
(66D = 42
<
NG “6 -~ % A
5:03%(e": YP R 257(‘06 ....................... 2]
(i) Determine the percentage uncertainty in p.
A! L= L Al .
L =T —943—1—% X (o
t-1¢
Al ol
l"lLéXll(D“é RT-1 @
0 025X (82
percentage uncertainty in p= ....! t‘ 'q 2 . % [1]

(e) The experiment is repeated with a thinner wire of diameter 0.23 = 0.01 mm. The wire is of the
same material and length.

Determine the resistance R of the wire. Include the absolute uncertainty in your answer.

s BpL Al 1 4l
0 Rk S
) ~8\ 7/, A 2% 0.0
<y (i (o 6aUG° oo
R 0125 2139 %67t
~ So4ylo
‘7\ 0'LY

B ...Cé:..‘?l.??..I...Q..'.!.)..X.Lo.'f ......... Q2

[Total: 15]

~b
s Hg7X10

6 The candidate earns a
benefit of the doubt
mark, having omitted L
from the relationship
reading the gradient to
the resistivity. Since L
has a value of 1, the
correct method has, in
effect, been used.

The candidate is not
awarded the second
mark since the unit has
been omitted.

Mark for (d) (i) = 1/2

@ No clear method is
shown here.
Using the candidate’s
answer to (c) (iii) and a
fractional method, the
answer should have
been about 7%.

Mark for (d) (ii) = 0/1

e The candidate does
not change the
millimetres to metres
for the calculation.
The determination of
the absolute
uncertainty is again
incorrect.

Mark for (e) = 0/2

Total marks awarded =
6 out of 15

Cambridge International AS and A Level Physics 9702

31



Paper 5 — Planning, Analysis and Evaluation

32

How the candidate could have improved their answer
The candidate needed to take more care with the calculation of quantities in the table in (b).

When plotting graphs that should produce a linear trend, it is useful to recheck the plotting of points that do
not lie on the trend line. This candidate plotted 2.1 instead of 1.2 from the x-axis. As a consequence, the line
of best-fit was not within tolerance.

The candidate also appeared to have been confused about the determination of uncertainties. They needed
to understand the difference between absolute and percentage uncertainties as well as the methods of
combining uncertainties either by fractional methods or maximum/minimum methods.

Mark awarded = (a) 0/1

Mark awarded = (b) 1/3

Mark awarded = (c) (i) 1/2, (ii) 1/2, (iii) 2/2
Mark awarded = (d) (i) 1/2, (ii) 0/1

Mark awarded = (e) 0/2

Total marks awarded = 6 out of 15

Common mistakes candidates made in this question

To gain the highest marks, the presentation of mathematical working requires a clear statement of the
equation used, substitution of numbers, leading to the correct answer. Furthermore, the working has to be
logical and readable.

(b) The common mistake in the 1/d2 column was stating the last value to four significant figures. Since the
raw data was given to two significant figures, it was expected that 1/d2 would be given to two or three
significant figures. The majority of candidates calculated the absolute uncertainty correctly; a common error
was not doubling the percentage uncertainty for d?.

The two main reasons for not being awarded marks in (c) (i) were vertical error bars and drawing large blobs
for the plotted points. In (c) (ii) some candidates were careless in drawing the worst acceptable line. Some
candidates were not awarded the mark for the worst acceptable line because they used a dashed line and
allowed a gap in the dash at the error bar.

(c) (iii) required candidates to determine the gradient of the line of best-fit. When selecting points for the
gradient they must lie on the line of best fit. Candidates were not awarded this mark either for misreading
their graphs or for quoting values from the table. Some candidates did not use a large enough triangle. A
significant number of candidates made a power of ten error, having not used the data from the axes
correctly; this was not penalised in this part but in (d) (i).

When determining the resistivity p in (d) (i) it is vital that the working for the answer is clearly shown. The
equation should be quoted followed by correct substitution of numerical values, one of which must be the
value of the gradient calculated in (c) (iii). Many candidates were not awarded the unit mark and several
candidates did not give any unit. A number of candidates were not awarded the second mark due to a power
of ten error from determining the gradient.

(d) (ii) There was wide recognition that the percentage uncertainty of p was the sum of the two percentage
uncertainties of the two necessary components in the equation, where clear indication of the data used
needed to be shown. Those candidates attempting to use a ‘maximum/minimum’ method were invariably not
awarded this mark due to not showing clearly where the data used had originated from or to using incorrect
combinations of maximum and minimum values. Some candidates incorrectly subtracted percentage
uncertainties.

(e) Here the calculated value of R needed to be quoted to two or three significant figures and to be given in a
specific range. Again, clear logical working was required. A number of candidates did not allow for d being
measured in millimetres. To gain the mark for the absolute uncertainty in R, candidates who could not
demonstrate their understanding by showing the method used were not awarded this mark. It was expected
that appropriate equations would be used with substitution of data.
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